The chaperonin GroEL has been thought of as an important but passive player in protein folding, providing an encapsulated environment that allows folding to proceed unimpaired by aggregation. In this issue, Tang et al. (2006) redesign the GroEL central cavity and show that the chaperonin cage can alter the rate of folding and, for some proteins, could even alter the folding mechanism.
Computationally, our new understanding of how DGCR8 positions Drosha to promote productive primiRNA cleavage should help in the search for new miRNA genes and in the design of artificial miRNA genes. To date, successful algorithms for finding miRNAs have relied on phylogenetic conservation because simply searching the genome of a plant or animal for 65 nucleotide-long hairpins yields mainly false-positive results. The phylogenetic conservation approach is powerful but cannot find species-specific miRNAs and perhaps may not even find primate-specific miRNAs. The search for miRNAs that have not been well conserved through evolution may be facilitated by seeking sequences capable of folding into a structure predicted to be bound by DGCR8-Pasha and to promote Drosha cleavage ?11 bp from the junction of a stem with single-stranded RNA tails (while discouraging Drosha cleavage ?11 bp from a terminal loop). That kind of algorithm may finally allow us to ask of the genomes of the Earth's animals: Are any of miRNAs different from yours? Eukaryotic chromosomes are divided into domains with distinct structural features (Wallrath et al., 2004) . Heterochromatic domains are required for chromosome segregation and telomere maintenance as well as for suppressing recombination between repetitive elements. These domains encompass chromosomal regions that have few genes and are assembled into hypoacetylated, regularly spaced nucleosomal arrays containing the epigenetic mark of methylated lysine 9 of histone H3 (H3K9me). Heterochromatic histone modifications generate a condensed chromatin structure that limits the access of transcription factors to target sequences. Interspersed with these transcriptionally repressive domains are euchromatic regions that are gene rich and organized into hyperacetylated irregular arrays of nucleosomes enriched in histone H3 methylated at lysine 4 (H3K4me). Such euchromatic modifications establish chromatin packaging that is accessible to transcription factors. The ability of heterochromatin to propagate in cis implies that mechanisms are needed for limiting the spread of silent chromatin. A class of DNA elements, known as insulators, has been implicated in defining the junctions between structural domains (Kuhn and Geyer, 2003) . Insulators are found in most eukaryotes, suggesting that these elements have a conserved role in organizing transcriptional domains. Two classes of insulators have been identified that differentially affect transcriptional processes (Kuhn and Geyer, 2003) . Enhancer blockers are insulators that prevent enhancer-dependent transcription when placed between an enhancer and promoter. In contrast, barriers are insulators that impede the spread of heterochromatin emanating from an initiation site. In this issue of Cell, Noma et al. (2006) 
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In this issue of Cell, Noma et al. (2006) show that B-boxes and TFIIIC limit the spread of heterochromatin at the silent mat region in the fission yeast genome. Global analysis of TFIIIC distribution revealed dispersed sites of association that coalesce at the nuclear periphery, suggesting that TFIIIC may act as a barrier throughout the genome.
conduct an elegant series of experiments to study the properties of heterochromatic barriers in the genome of the fission yeast Schizosaccharomyces pombe. These studies provide exciting and important new insights into the global organization of the interdigitated heterochromatic and euchromatic domains in eukaryotic genomes. S. pombe contains several large blocks of heterochromatin that localize to centromeres, telomeres, the tandem rDNA array, and the silent mating type (mat) region (Cam and Grewal, 2004) . Initiation of heterochromatin formation in these regions depends upon the RNA interference (RNAi) machinery and site-specific DNA binding proteins. In combination, these factors recruit histonemodifying enzymes and structural proteins, such as Clr4, the homolog of the mammalian Suv39h H3K9 methyl transferase, and the chromo domain protein Swi6, the homolog of the Heterochromatin Protein 1 (HP1) (Cam and Grewal, 2004) . In close proximity to these heterochromatic domains are transcriptionally active regions of the genome. Between these domains of contrasting gene activity, the profile of histone modifications shows an abrupt transition from heterochromatic to euchromatic epigenetic marks (Cam and Grewal, 2004) . These observations predict the presence of a barrier that stops the spread of heterochromatin into the neighboring euchromatic regions.
To understand the molecular composition of barriers, Noma et al. (2006) analyzed the heterochromatic domain of the mat locus which has two 2-kb identical inverted repeats (IR-L and IR-R) located at its left and right borders. The powerful combination of chromatin immunoprecipitation coupled with microarray analysis (ChIP on chip) provided a high-resolution map of the histone profile at these sites. This approach demonstrated that the transition zone is packaged into nucleosomes that contain hypoacetylated histones and are devoid of H3K4me. These findings suggest that disruption of heterochromatic spreading at the mat barriers is not due to the hyperacetylation or the absence of nucleosomes, as observed for Saccharomyces cerevisiae barriers (Donze and Kamakaka, 2002) . Instead, Noma et al. (2006) show that barrier function is provided by a 500 bp fragment within IL-L and IL-R containing five copies of a B-box element, the high affinity binding site for the RNA Polymerase III (Pol III) transcription initiation factor TFIIIC (Paule and White, 2000) .
TFIIIC is a multisubunit complex that plays a major role in the recognition of tRNA promoters through interactions with the intragenic A-and Bboxes, the latter representing sites that are highly conserved (Figure 1) . One globular domain of TFIIIC, containing the Sfc3 subunit, contacts the B-box, with the A-box recognized by the second globular domain, producing a dumb-bell shaped platform for further recruitment of TFIIIB and Pol III (Paule and White, 2000) . The absence of A-boxes at the mat barriers suggests that TFIIIC adopts a distinct conformation when associated with this region (Figure 1 ). This may explain the lack of Pol III at the mat region and differentiate the TFIIIC barrier function from a role in Pol III transcription.
An association between mat barrier function and transcription may exist, even though Pol III is absent at this locus. Noma et al. (2006) find that the mat IR sequences are associated with Rpb1, a subunit of Pol II, and produce bidirectionally transcribed, overlapping RNAs (Figure 1) . Intriguingly, deletion of the B-boxes drastically reduced production of these transcripts. These observations suggest that TFIIIC barrier function may be connected with Pol II transcription, which opens exciting areas for further investigation. The function of TFIIIC at the barrier might require properties of this complex that make it proficient for transcription initiation. These features might include the ability of TFIIIC to bind to target sites even when these sequences are assembled into nucleosomes. Alternatively, TFIIIC may be able to recruit chromatin-remodeling or histonemodifying complexes that cooperate with TFIIIC to impede propagation of chromatin states.
A genome-wide analysis of the distribution of TFIIIC using ChIP on chip revealed dispersed sites of chromosomal association. Interestingly, TFIIIC was absent at some heterochromatic-euchromatic junctions. These findings indicate that multiple mechanisms exist for barrier function in S. pombe, consistent with recent studies at cen1 (Scott et al., 2006) . As anticipated, TFIIIC was found at 5S rRNA and tRNA genes, along with Pol III. A distinct pattern of association was found at 67 loci dispersed throughout euchromatic regions of the genome, in which high levels of TFIIIC were present but Pol III was absent. These sites were termed COC (Chromosome Organizing Clamps) loci and are reminiscent of the ETC (Extra TFIIIC) loci found in the S. cerevisiae genome (Moqtaderi and Struhl, 2004) . Together, these observations emphasize a conserved new function of TFIIIC. The proximity of B-boxes to promoters These interactions form a barrier that prevents the spread of heterochromatic epigenetic marks such as histone H3 lysine 9 methylation (Me), establishing the abrupt transition to euchromatic marks such as hyperacetylated histones (Ac). Transcripts (red arrows) derived from the IR sequences might play a role in barrier formation.
in the COC and ETC loci is intriguing and raises the possibility of several alternative roles for TFIIIC in these regions. For example, this arrangement might reflect a barrier function that protects adjacent genes from the promiscuous use of regulatory elements. Alternatively, these B-boxes may represent sites of regulated Pol III occupancy. Finally, TFIIIC might be involved in Pol II transcription. Resolution of these possibilities will require an in-depth analysis of the expression of COC loci upon deletion of the B-boxes.
Immunofluorescence using antibodies against specific TFIIIC subunits revealed five to ten TFIIIC bodies that localize to the nuclear periphery in proximity to the nucleolus ( Figure  1 ). Importantly, DNA sequences of the mat region, centromeres, and COC loci were found in these TFIIIC bodies. Such findings are reminiscent of the localization of other insulator proteins, wherein protein coalescence is proposed to establish chromatin loops that define independent domains of transcriptional activity (Kuhn and Geyer, 2003) . It will be important to identify other components present in the TFIIIC foci in order to determine whether these bodies contain Pol III-transcribed loci or are specific for barrier complexes. The mechanisms involved in coalescence and targeting of TFIIIC to the nuclear periphery are unclear. Clues to these processes may be provided by findings in S. cerevisiae that barrier function is conferred through interactions with the nuclear pore complex (Schmid et al., 2006) . Further, it is possible that transcription of the mat barrier is required for the nuclear TFIIIC coalescence, as the B-boxes are required for both RNA production and barrier function.
The conservation of TFIIIC and B-boxes implies that the barrier function may span across species. In S. cerevisiae, TFIIIC and Pol III present at tRNA genes form a barrier against heterochromatic spreading through chromatin modifying activities (Donze and Kamakaka, 2002) . In the human genome, an Alu element in the K18 gene partially protects this gene from chromosomal position effects (Willoughby et al., 2000) . Barrier effects depend upon B-boxes in the Alu element, suggestive of the requirement for these sequences at mat barriers. Taken together, TFIIIC bound to B-boxes might play a general role in eukaryotic genomes by boxing in heterochromatin.
As Anfinsen (1973) demonstrated over 30 years ago, a well-designed amino acid sequence is sufficient to fold a polypeptide chain to its native three-dimensional structure in vitro. For small proteins and protein domains (<100 amino acids), folding in vitro is usually highly efficient, the unique native conformation being sought and found from the billions of alternative possible structures in millisec-
